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Acculturation and gestational weight gain in a
predominantly puerto rican population
Alison Tovar1*, Lisa Chasan-Taber2, Odilia I Bermudez3, Raymond R Hyatt3 and Aviva Must3
Abstract
Background: Identifying risk factors that affect excess weight gain during pregnancy is critical, especially among
women who are at a higher risk for obesity. The goal of this study was to determine if acculturation, a possible risk
factor, was associated with gestational weight gain in a predominantly Puerto Rican population.
Methods: We utilized data from Proyecto Buena Salud, a prospective cohort study of Hispanic women in Western
Massachusetts, United States. Height, weight and gestational age were abstracted from medical records among
participants with full-term pregnancies (n=952). Gestational weight gain was calculated as the difference between
delivery and prepregnancy weight. Acculturation (measured via a psychological acculturation scale, generation in
the US, place of birth and spoken language preference) was assessed in early pregnancy.
Results: Adjusting for age, parity, perceived stress, gestational age, and prepregnancy weight, women who had at
least one parent born in Puerto Rico/Dominican Republic (PR/DR) and both grandparents born in PR/DR had a
significantly higher mean total gestational weight gain (0.9 kg for at least one parent born in PR/DR and 2.2kg for
grandparents born in PR/DR) and rate of weight gain (0.03 kg/wk for at least one parent born in PR/DR and 0.06
kg/wk for grandparents born in PR/DR) vs. women who were of PR/DR born. Similarly, women born in the US had
significantly higher mean total gestational weight gain (1.0 kg) and rate of weight gain (0.03 kg/wk) vs. women
who were PR/ DR born. Spoken language preference and psychological acculturation were not significantly
associated with total or rate of pregnancy weight gain.
Conclusion: We found that psychological acculturation was not associated with gestational weight gain while
place of birth and higher generation in the US were significantly associated with higher gestational weight gain.
We interpret these findings to suggest the potential importance of the US “obesogenic” environment in influencing
unhealthy pregnancy weight gains over specific aspects of psychological acculturation.
Keywords: Gestational weight gain, Acculturation, Pregnancy, Hispanic
Background
Pregnancy has been proposed as a critical period for the
development of overweight and obesity in mothers, with
ramifications for both the mother and the infant [1-6].
Compared to previous decades, women in America of
childbearing age currently enter pregnancy at higher
weights [7] and are more likely to gain excess weight dur-
ing pregnancy [3,8,9]. Excess gestational weight gain, in
turn, has been associated with pregnancy complications,
including cesarean delivery, large-for-gestational-age infants,
and postpartum weight retention [10]. Ethnic minorities
such as Hispanics are disproportionately affected by over-
weight and obesity [11-13] and are more likely to begin
their pregnancies overweight or obese [12,14,15] with al-
most half beginning pregnancy in these categories [16-18].
In addition, the number of Hispanic women with both
elevated BMI and excessive gestational weight gain has
been increasing over time [8,9]. Therefore, identifying
risk factors that affect excess weight gain during preg-
nancy among Hispanic women is critical.
One potential risk factor for excess gestational weight
gain in Hispanic women is acculturation. Acculturation,
defined as a process that entails contact between two cul-
tural groups, which results in numerous cultural changes
in both parties [19], has been found to be an important
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predictor of health-risk among women generally [20]. For
example, a cross-sectional study of 174 low-income Puerto
Rican women found that high levels of acculturation
(measured by years of residence in the US and language
preference) were associated with changes in food habits,
such as higher consumption of soda, fruit juice and snack
food [21]. Regardless of the country of origin, upon arrival,
Hispanic immigrants are healthier than US-born adults
but these health advantages dissipate over time [22]. In
particular, studies have shown that overweight and obesity
increase with length of stay in the US [23-28]. This
rise in weight may be influenced by the “obesogenic”
environment of the US, characterized by the availabil-
ity of energy-dense, palatable, inexpensive foods and
limited opportunities for physical activity [23-26,29,30].
According to the 2000 Census, nearly 67 million people
of Hispanic origin will be added to the nation’s population
between 2000 and 2050. Their numbers are projected to
grow from 35.6 million to 102.6 million, an increase of
188 percent [31]. The Hispanic population is heteroge-
neous with many sub-groups. The largest group in the US
is Mexican-American but other groups, such as Central,
Caribbean and South Americans are large and growing
[31]. Disparities in maternal and infant health are sub-
stantial in this population; Hispanic women tend to be
more physically inactive and have almost double the
prevalence of prepregnancy diabetes, as compared to
non-Hispanic white women. Rates of breastfeeding are
also low [32]. The elimination of health disparities is one
of the major goals of Healthy People 2020 and further un-
derstanding acculturation may help in doing so. Ac-
cording to the latest Institute of Medicine (IOM) report
that reviewed gestational weight gain guidelines, only a
few studies had examined the effects of acculturation on
gestational weight gain and therefore the IOM has called
for further research in this area [33].
To our knowledge few studies have examined the impact
of acculturation on gestational weight gain in Hispanic
women. In addition to measures of acculturation based on
demographic factors such as place of birth, multidimensional
scales can integrate the directionality of several dimensions
of an individual’s acculturative experience. Therefore, the
purpose of this study was to determine if acculturation, as
measured by a psychological acculturation scale, as well as
place of birth, generation, and spoken language preference,
were associated with weight gain during pregnancy in a
predominantly Puerto Rican population. We hypothesized
that higher levels of all acculturation measures would be
associated with increased weight gain during pregnancy.
Methods
Description of study design
We utilized data from Proyecto Buena Salud, a prospect-
ive cohort study of Hispanic women. Recruitment into
this study began in January 2006 [34]. The study was
based in the public obstetrics and gynecology clinic and
midwifery practice at Baystate Medical Center, a large
tertiary care facility in Western Massachusetts which
serves a large predominately Puerto Rican Hispanic pop-
ulation. Medical nutritional therapy is routinely provided
to Baystate Medical Center patients, and includes general
dietary counseling, dietary counseling for medical condi-
tions (such as diabetes or pregnancy related diabetes),
breastfeeding information, and referrals to the WIC pro-
gram. Weight goals follow those recommended by the
IOM [33]. Bilingual interviewers recruited patients at a
prenatal care visit early in pregnancy (up to 20 weeks
gestation), informed them of the aims and procedures of
the study, and obtained written informed consent (in
English or Spanish) as approved by the Institutional Re-
view Boards of the University of Massachusetts-Amherst
and Baystate Health. Interviews were conducted in Span-
ish or English (based on patient preference) in order to
eliminate potential language barriers. At the time of re-
cruitment, interviewers collected information on socio-
demographic factors, prepregnancy BMI, physical activity,
psychosocial stress, cigarette smoking, and acculturation.
After delivery, medical records were abstracted for
medical and obstetric history, clinical characteristics of
the current pregnancy and birth outcomes. Eligibility
was restricted to women of Puerto Rican or Dominican
Republic heritage (Caribbean Islanders). Women who: 1)
were themselves born in the Caribbean Islands, or 2)
had a parent born in the Caribbean Islands, or 3) had at
least 2 grandparents born in the Caribbean Islands were
included. Exclusion criteria were: 1) current use of medi-
cations that could influence glucose tolerance, 2) mul-
tiple gestation, 3) history of diagnosis of diabetes prior to
pregnancy, hypertension, heart disease or chronic renal
disease, and 4) age <16 years or > 40 years. We restricted
the current analysis to those participants with a full-term,
live birth pregnancy who delivered at Baystate Medical
Center between 2006 and 2011 (n=1570). We excluded
women who experienced a preterm birth (<37 weeks ges-
tation), miscarried or terminated their pregnancy (n=86),
or were missing data on acculturation (n=247) or missing
prepregnancy weight or weight at the time of delivery
(n=300).
Assessment of gestational weight gain
Gestational weight gain was calculated as the difference
between maternal weight at delivery and prepregnancy
weight. Women self-reported their prepregnancy weight
at their first prenatal care visit at which time it was
recorded in their medical record. After delivery, the pre-
pregnancy weight was abstracted from the medical record
report. We excluded 15 women whose reported pregravid
weights differed by more than 9 kg from their weight
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measured at a prenatal care visit prior to 12 weeks gesta-
tion [35]. In addition, if prepregnancy weight was missing
from the record (n=176), weight at the time of first pre-
natal visit before 13 weeks gestation was used. A weight
gain value of 50 kg of weight loss was excluded as an out-
lier (n=1) as it exceeded four times the SD. This resulted
in a final sample size of 952 women.
Rate of weight gain was calculated as the difference
between maternal weight at delivery and prepregnancy
weight, divided by gestational age at delivery in weeks.
For each subject, we calculated total weight (kg) and rate
of gestational weight gain (kg/w). In addition to classify-
ing gestational weight gain as a continuous variable, we
also created a categorical variable to evaluate weight gain
according to the new IOM gestational weight gain guide-
lines [33]: gaining less than recommended, gaining the
recommended amount, or gaining more than recom-
mended. These guidelines vary by prepregnancy BMI
such that “underweight” women (BMI < 18.5 kg/m2) are
advised to gain 13–18 kg, “normal weight” women (BMI
18.5–24.9 kg/m2) 11–16 kg, and “overweight women”
(BMI 25–29.0 kg/m2) 7–11 kg. For women with a pre-
pregnancy BMI ≥30.0 kg/m2, a recommended target
weight gain between 5 and 9 kg is specified by the IOM.
Because the data were collected prior to the 2009 IOM
recommendations, this study was not designed to be a
practical assessment of compliance with these guidelines.
Assessment of acculturation
Acculturation was assessed via several measures. We
measured psychological acculturation using the Psycho-
logical Acculturation Scale (PAS). The PAS is an accul-
turation assessment tool with multiple items that pertain
to the individual’s sense of psychological attachment or
belonging within Anglo-American and Hispanic culture,
as well as an individual’s psychological negotiation be-
tween these two cultural entities [36]. Reliability and val-
idity of the PAS has been demonstrated in a sample of
bilingual Puerto Rican respondents [36]. The PAS en-
compasses four dimensions (cultural loyalty, solidarity,
comprehension, and identification) shown to reflect psy-
chological responses to cultural exposure. It is expressed
as the mean of 10 items, which are rated from 1 (only
Hispanic/Latino orientation) to 5 (only Anglo-American
orientation), with a bicultural orientation at the mid-
point. Psychological acculturation was assessed as a con-
tinuous variable and as a categorical variable by tertiles.
In addition, generation, place of birth (US vs. Puerto-Rico
[PR]/ Dominican Republic [DR]), and spoken language
preference (English vs. Spanish) were used as measures
of acculturation. The question on language preference
was investigator-derived. Specifically, women were asked
if they preferred to speak and read, respectively, in Eng-
lish, Spanish or another language. Generation in the US
was derived from questions based on the US Census.
That is, women were asked if they self-identified as His-
panic or Latino. Those who responded affirmatively were
asked to report their birthplace, their parents’ birthplace,
and their grandparents’ birthplace.
Assessment of covariates
We collected information on known or suspected risk
factors for gestational weight gain, including maternal
age, education (highest level of education completed),
annual household income, parity, prepregnancy BMI,
perceived stress, physical activity and cigarette smoking
during pregnancy [10]. Perceived stress has been asso-
ciated both with gestational weight gain [37] and accul-
turation [38] and was measured using Cohen’s Perceived
Stress Scale (PSS-14) which has been previously vali-
dated [39]. [40] and includes 14 items designed to assess
a person’s sense of control over daily life demands [40].
Physical activity was measured using a modified version
of the Pregnancy Physical Activity Questionnaire (PPAQ),
a validated semi-quantitative questionnaire that assesses
the duration, frequency, and intensity of total physical ac-
tivity [41].
Statistical analysis
Data management and analysis were conducted in SAS
(version 9.2). We utilized one-way analysis of variance to
compare overall means for continuous variables and bi-
variate analysis using χ2 to test for differences in categor-
ical variables. Using multiple linear regression we
regressed total and rate of weight gain on acculturation
measures. Multinomial logistic regression was used to
regress the different levels of IOM recommendations on
acculturation. Confounding was assessed by evaluating
the change in the acculturation β-coefficients when each
covariate was included in the regression model (for PAS
tertiles, the top tertile was used to assess change). A 10%
or greater change was deemed to indicate confounding
was present.
Statistical interaction between prepregnancy BMI and
psychological acculturation as well as place of birth and
psychological acculturation were evaluated by assessing
the statistical significance of cross-product terms in the
regression models using the F-test. For covariates with
missing values, a missing value category was created and
used to maximize the sample size for analysis.
Results
The 952 women were on average 22.7± 4.9 years old,
46.8% had less than a high school education and 42.8%
were nulliparous. The mean level of psychological accul-
turation as measured by the PAS was 2.4± 0.6 (with a
possible range of 1 to 5). A total of 54.4% of women
were born in the US, 75.9% preferred to speak English,
Tovar et al. BMC Pregnancy and Childbirth 2012, 12:133 Page 3 of 10
http://www.biomedcentral.com/1471-2393/12/133
and 5.2% were 3rd generation in the US (Table 1). Al-
most half of women were overweight or obese prior to
pregnancy (42.1%) and mean physical activity levels were
36.1 (SD=24.6) MET-hrs/week (representing approxi-
mately 6 hours of moderate-intensity activity per week).
A total of 12.9% of women smoked during pregnancy
and mean stress was 26.0 (possible range 0 to 56).
Participant age, education level, parity, BMI, smoking
during pregnancy, perceived stress score, and physical ac-
tivity level did not differ across those with low to high ac-
culturation according to PAS tertiles. As expected,
women with high levels of psychological acculturation
were more likely to be born in the US (72.3%) as com-
pared to women with low levels of psychological
Table 1 Characteristics of the study population according to psychological acculturation status;proyecto buena balud,
Western Massachusetts, 2006-2011
Total population Low acculturation Mid acculturation High acculturation
(n=952) PAS <2.2 PAS 2.2-2.8 PAS ≥2.8
N % (n=305) (n=325) (n=322)
N % N % N %
Socio-demographic Variables
Age (mean, SD) 22.7 4.9 22.9 5.2 22.3 4.6 22.8 4.9
Education
Less than high school 445 46.8 149 48.9 155 47.8 141 43.9
High school, trade/technical school 322 33.9 108 35.4 107 33.0 107 33.3
Some college/college graduate/graduate 183 19.3 48 15.7 62 19.4 73 22.7
Acculturation Variables
Psychological Acculturation Scale (PAS) (mean, SD) 2.4 0.6 1.7 0.3 2.5 0.2 3.1 0.3
Birthplace**
PR/DR born 427 45.6 186.0 63.5 147 46.8 88 27.7
U.S. born 509 54.4 107.0 36.5 167 53.2 230 72.3
Spoken language preference**
Spanish 214 23.6 139 46.8 60 20.0 15 5.0
English 687 75.9 155 52.2 244 80.0 288 95.0
Generation**
Born in PR/DR 421 45.7 186 63.5 147 47.0 88 27.9
At least one parent born in PR/DR 452 49.1 100 34.1 150 48.1 202 63.9
Grandparents born in PR/DR 48 5.2 7 2.4 15.0 4.8 26 8.2
Medical Variables
Parity
0 407 42.8 124 40.8 144 44.3 139 43.3
1 301 31.7 105 34.5 104 32.0 92 28.7
≥2 242 25.5 75 24.7 77 23.7 90 28.0
BMI Categories (kg/m2)
Underweight <18.5 66 7.0 14 4.6 27 8.3 25 7.8
Normal weight 18.5-25 484 51.0 150 49.3 164 50.5 170 53.0
Overweight 25-30 195 20.5 73 24.0 62 19.1 60 18.7
Obese ≥ 30 205 21.6 67 22.0 72 22.2 66 20.6
Behavioral Variables
Smoked during pregnancy 106 12.9 33 12.2 37 13.0 36 13.5
Perceived Stress Scale (mean, SD) 26.0 7.0 26.8 6.9 25.5 6.7 25.6 7.6
Total Physical activity (MET [Metabolic Equivalents]/wk.) 36.1 24.6 36.4 28.6 34.5 24.0 37.3 20.6
Sample sizes vary slightly due to missing data.
*p<0.01,**p<0.0001.
P-values generated from Chi-square tests.
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acculturation (36.5%, p<0.001). Similarly, women with
high levels of psychological acculturation were more
likely to prefer to speak English (95%) as compared to
women with low levels of psychological acculturation
(52.2%, p<0.0001). Finally, women with high levels of
psychological acculturation were more likely to be third
generation (8.2%) as compared to women with low levels
of psychological acculturation (2.4%, p<0.0001).
The mean total weight gain in this sample was 14.0 kg
(SD=6.8) with a mean weekly weight gain of 0.36 kg
(SD=0.2) per week (Table 2). Although women with high
levels of acculturation as measured by the PAS had
higher mean total weight gain compared to women with
low levels of acculturation (14.4 vs. 14.3 kg) this differ-
ence was not statistically significant. In addition, we ob-
served no statistically significant correlations between
PAS score and total gestational weight gain (r=0.01,
p=0.7) or rate of weight gain (r=0.01, p=0.8). However,
women born in the US had a greater mean total weight
gain (14.6 kg) and higher rate of weight gain (0.37 kg/wk)
compared to women born in PR/DR (13.3 kg and 0.34
kg/wk, p<0.01 and p=0.02, respectively). Similarly, women
of grandparents born in PR/DR had greater mean total
weight gain (16.3 kg) and rate of weight gain (0.41 kg/wk)
compared to PR/DR born women (13.3 kg and 0.34 kg/wk,
p<0.01 and p=0.01, respectively). Mean total gestational
weight gain and mean rate of weight gain did not differ
significantly according to language preference.
A total of 31.1% of the sample met the IOM guide-
lines, while 46.3% exceeded these guidelines and 22.6%
fell short of meeting the guidelines (Table 2). A higher
percentage of women who had grandparents born in
PR/DR exceeded the IOM guidelines (62.5%) as com-
pared to women who were PR/DR born (42.5%), p=0.04.
There were no statistically significant differences in
meeting IOM guidelines according to psychological ac-
culturation as measured by the PAS, birthplace nor
spoken language preference (Table 2).
In unadjusted linear regression analysis, increasing ac-
culturation as measured by a one-unit change in PAS
score, was associated with a mean increase of 0.12 kg in
total weight gain and a 0.003 kg/wk increase in rate of
pregnancy weight gain but these increases were not sta-
tistically significant (Table 3). Findings were virtually
Table 2 Acculturation variables according to gestational weight gain proyecto buena salud, Western Massachusetts,
2006-2011
Gestational weight gain Meeting IOM guidelines†
Total weight gain
(n=952) (kg)
Rate of weight gain
(n=947) (kg/week)
Above Within Below p value*
mean SD Mean SD N % N % N %
Total Sample 14 6.8 0.36 0.2 440 46.3 295 31.1 215 22.6
Psychological acculturation scale
Low acculturation 14.3 6.5 0.36 0.2 150 49.3 93 30.6 61 20.1
Mid acculturation 13.4 7.1 0.34 0.2 139 42.8 101 31.1 85 26.2
High acculturation 14.4 6.7 0.36 0.2 151 47.0 101 31.5 69 21.5
P-value* 0.13 0.14 0.4
Generation
Born in PR/DR 13.3 6.7 0.34 0.2 178 42.5 140 33.4 101 24.1
At least one parent born in PR/DR 14.4 6.9 0.36 0.2 219 48.5 130 28.8 103 22.8
Grandparents born in PR/DR 16.3 5.7 0.41 0.1 30 62.5 13 27.1 5 10.4
P-value* <0.01 0.01 0.04
Birthplace
PR/DR born 13.3 6.7 0.34 0.2 178 42.5 140 33.4 101 24.1
US born 14.6 16.9 0.37 0.2 250 49.6 144 28.6 110 21.8
P-value* <0.01 0.02 0.09
Language preference
Spanish 13.4 6.4 0.35 0.2 97 46.3 68 31.8 49 22.9
English 14.1 6.9 0.36 0.2 317 45.3 211 30.8 157 22.9 1.0
P-value* 0.2 0.4
† “underweight"(BMI < 18.5 kg/m2) advised to gain 13–18 kg, “normal weight” (BMI 18.5–24.9 kg/m2).
11–16 kg, “overweight” (BMI 25–29.0 kg/m2) 7–11 kg "obese" BMI ≥30.0 kg/m2, advised to gain 5–9 kg.
Sample sizes vary slightly due to missing data.
*Statistical significance based on ANOVA and Chi-square calculations.
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unchanged when adjusting for key risk factors associated
with weight gain. Adjusting for age, parity, gestational
age, and prepregnancy weight, women born in the US
had significantly higher mean total gestational weight
gain (1.0 kg) and rate of weight gain (0.03 kg/wk) as
compared to women who were PR/DR born. Similarly,
adjusting for age, parity, perceived stress, gestational age
and prepregnancy weight, women who had at least one
parent born in PR/DR and both grandparents born in
PR/DR had a significantly higher mean total gestational
weight gain (0.9 kg for at least one parent born in PR/
DR and 2.2 kg for grandparents born in PR/DR) and rate
of weight gain (0.03 kg/wk for at least one parent born in
PR/DR and 0.06 kg/wk for grandparents born in PR/DR)
as compared to women who were PR/DR born. Spoken
language preference was not significantly associated with
total or rate of pregnancy weight gain (Table 3).
We then evaluated the association between accultur-
ation and meeting IOM weight gain guidelines (Table 4).
In unadjusted and adjusted multinomial logistic regres-
sion analysis, psychological acculturation and spoken
language preference were not significantly associated
with exceeding or not achieving IOM guidelines. Com-
pared to women who were PR/DR born, women who
had grandparents born in PR/DR were almost two times
more likely to exceed the IOM guidelines (OR=1.9, 95%
CI 1.0-3.9) adjusting for age, parity, gestational age and
prepregnancy weight, this was of marginal significance
(Table 4). Similarly, compared to women who were
PR/DR born women who were US born were 1.4 times
more likely to exceed the IOM guidelines (OR=1.4, 95%
CI 1.0-1.9) adjusting for age, gestational age and parity.
Finally, prepregnancy BMI and place of birth did not sig-
nificantly modify the relationship between psychological
acculturation and weight gain.
Discussion
In this prospective study of Hispanic women, partici-
pants who were US born gained on average 1.0 kg more
weight over the course of pregnancy and were 1.4 times
more likely to exceed the guidelines as compared to
PR/DR born women. Weight gain increased with gener-
ation in the US. For example, women who had grandpar-
ents born in PR/DR gained on average 2.2 kg more over
the course of their pregnancy and were approximately
two times more likely to exceed IOM pregnancy weight
gain guidelines as compared to women who were PR/DR
born. Psychological acculturation, as measured by the
PAS, as well as spoken language preference were not
Table 3 Beta coefficients and standard errors from a linear regression model for weight gain;proyecto buena salud,
Western Massachusetts, 2006-2011
Total weight gain (kg) Rate of weight gain (kg/wk)
(n=952) (n=947)
Unadjusted model Adjusted model Unadjusted model Adjusted model
B SE p value B SE p value B SE p value B SE p value
Psychological Acculturation Scale
Continuous acculturation score1 0.12 0.3 0.71 0.15 0.3 0.65 0.003 0.009 0.76 0.005 0.009 0.58
Low acculturation2 referent referent referent referent
Mid acculturation -.09 0.5 0.10 −0.9 0.5 0.10 −0.02 0.01 0.11 −0.02 0.01 0.11
High acculturation 0.1 0.5 0.85 0.07 0.5 0.89 0.002 0.01 0.85 0.003 0.01 0.79
Generation3
Born in PR/DR referent referent referent referent
At least one parent born in PR/DR 1.1 0.5 0.02 0.9 0.4 0.04 0.02 0.01 0.05 0.03 0.01 0.03
Grandparents born in PR/DR 3.0 1.0 <0.01 2.2 1.0 0.03 0.07 0.03 <0.01 0.06 0.03 0.02
Birthplace4
PR/DR born referent referent referent referent
US Born 1.2 0.4 <0.01 1.0 0.4 0.02 0.02 0.01 0.02 0.03 0.01 0.01
Language preference5
Spanish referent referent referent referent
English 0.7 0.5 0.19 0.09 0.5 0.86 0.01 0.01 0.32 0.003 0.01 0.81
Adjusted for age, parity, education, physical activity, gestational age and perceived stress.
Adjusted for age, gestational age and perceived stress.
Adjusted for age, parity, perceived stress, gestational age and prepregnancy weight.
Adjusted for age, parity, gestational age and prepregnancy weight.
Adjusted for age, parity, gestational age and prepregnancy weight.
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significantly associated with pregnancy weight gain or
exceeding the IOM guidelines.
Our finding that women who were more acculturated,
as reflected by their place of birth and generation status,
gained more weight is similar to what others have found
in studies of pregnant [42] and non-pregnant US popu-
lations [22,43,44]. A study of 1,597 Hispanic women
who were part of the New Mexico Pregnancy Risk As-
sessment Monitoring System in 2000, found that com-
pared to residence in a non-border county, residence in
a US Mexico border county reduced such risk of excess
gestational weight gain (OR=0.75, 95% CI=0.59, 0.97)
[45]. Among 773 women of Mexican descent who gave
birth in one of three rural California hospitals,
Heilemann and colleagues found that 60% of US born
women gained over 18 kg compared to 33% of Mexican
born women [46]. They also found that the majority of
women born in the US exceeded weight gain guidelines
while those who were Mexican born did not. Similarly, a
2010 study completed among 259 pregnant Hispanic
women in New York City found that language preference
was not associated with prenatal weight gain [47], con-
sistent with our findings.
Given the limited number of studies completed in
pregnancy, considering studies conducted among non-
pregnant women of child bearing age may help inform our
findings. For example, in non-pregnant women, using data
from the National Interview Survey, Goel found that af-
ter adjusting for age, socio-demographic and lifestyle fac-
tors, living in the United States for 10–15 years was
associated with increases of 0.88 BMI units compared to
those who had been living in the US from 0–5 years [22].
Similarly, Fuentes-Afflick found that length of time re-
siding in the US was associated with obesity among His-
panic women of childbearing age (OR=1.08 for each
additional year residing in the US, 95%CI 1.02-1.25) [42].
It is worth noting, that most of these studies were con-
ducted among Mexican-American women, but our find-
ings in this predominantly Puerto Rican population are
consistent with these populations in spite of the fact that
Puerto Rico is considered a US territory, thus reducing
barriers to travel to and from the US mainland.
One interpretation of our finding that place of birth
and generation were significantly related to both gaining
more weight during pregnancy and exceeding the IOM
pregnancy weight gain guidelines is that the envi-
ronment plays a greater role in influencing unhealthy
pregnancy weight gains than specific aspects of psycho-
logical acculturation, such as feeling proud or sharing
beliefs and values of a certain culture. Exposure to and
residence within this US “obesogenic” environment,
characterized by the readily available energy dense,
Table 4 Multivariable odds ratios (OR) and 95% confidence intervals (CI) for meeting IOM guidelines using multinomial
logistic regression; proyecto buena salud, Western Massachusetts, 2006-2011
Meeting IOM guidelines
Above Below
OR 95% CI p-value OR 95% CI p-value
Psychological Acculturation Scale
Continuous acculturation score1 1.0 0.8 1.3 0.94 1.0 0.8 1.4 0.71
Low acculturation2 1.0 referent 1.0 referent
Mid acculturation 0.8 0.6 1.2 0.27 1.3 0.8 2.0 0.29
High acculturation 1.0 0.7 1.4 0.82 1.0 0.7 1.7 0.79
Generation3
Born in PR/DR 1.0 referent 1.0 referent
At least one parent born in PR/DR 1.3 0.9 1.8 0.10 1.2 0.8 1.7 0.44
Grandparents born in PR/DR 1.9 1.0 3.9 0.06 0.6 0.2 1.7 0.30
Birthplace4
PR/DR born 1.0 referent 1.0 referent
US born 1.4 1.0 1.9 0.05 1.1 0.7 1.6 0.53
Language preference5
Spanish 1.0 referent 1.0 referent
English 1.1 0.7 1.5 0.75 1.1 0.7 1.6 0.79
1Model adjusted for age, education, parity, gestational age, and prepregnancy weight.
2Model adjusted for age, parity, perceived stress gestational age, and prepregnancy weight.
3 Model adjusted for age, parity gestational age, and prepregnancy weight.
4 Model adjusted for age gestational age, and parity.
5Model adjusted for age, parity, gestational age, and prepregnancy weight.
OR=Odds Ratios;CI=Confidence Intervals.
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palatable, inexpensive foods and limited opportunities for
physical activity, likely contributes to weight gain
[23-26,29,30,48-54]. Opportunities for nutrition educa-
tion and anticipatory guidance regarding the “obeso-
genic” environment and how to navigate it, for ethnic
minority women who have been exposed for longer peri-
ods of time in particular, could be made available through
existing prenatal care services such as WIC and other
nutrition education venues.
Several limitations of our study are worth noting. First,
like most studies of gestational weight gain, prepreg-
nancy weight was self-reported, and, as such, may have
been misreported. However, studies have shown that
recalled prepregnancy weight correlates well with mea-
sured weights [55,56]. To minimize this error however,
first clinic visit weights were reviewed against prepreg-
nancy weights for biologic plausibility as has previously
been done [35]. It is worth noting that, women with
missing prepregnancy weights were more likely to be first
time mothers (29% vs. 43%, p< 0.01) or to have had 2 or
more pregnancies (47% vs.26%); more likely to be born in
PR (59% vs. 46%, p=0.05) and prefer to speak Spanish
(40% vs. 24%, p<0.01), as compared to those not missing
prepregnancy weights, which may have biased our re-
sults. Given that our findings suggest that PR/DR born
gain less weight during pregnancy it is possible that our
results are an underestimation of the true effect. Second,
Hispanic women in the current study were, by design,
limited to those with ancestral roots in Puerto Rico or
the Dominican Republic, reflecting the high percentage
of these groups in New England. The generalizability of
these results to other Hispanic women (e.g., Mexican,
Central American) is thus unknown. Third, information
on the nature of weight gain recommendations women
received during their pregnancy was not captured. From
54 pregnant women from the study population, approxi-
mately 24% report that they received weight gain recom-
mendations from their doctor. These findings are similar
to results from focus groups where women did not recall
receiving a weight gain recommendation, especially if
they were overweight or obese [57]. Fourth, because only
5% of women had grandparents born in PR/DR, these
results should be interpreted cautiously. Fifth, although
we hypothesized that there would be more variability in
the PAS measure, its focus on psychological measures of
acculturation may reduce its ability to detecting true dif-
ferences in acculturation which, in this population, may
be expressed more via behavioral changes in, for exam-
ple, diet and physical activity and risk-taking behaviors.
Finally, although information on place of birth and gen-
eration in the US was available for our participants,
length of time in the US mainland and frequency of
travel to Puerto Rico and the Dominican Republic was
not assessed, and may have been meaningful measures. It
is increasingly recognized that acculturation is a compli-
cated and individual process [58]. Thus, we may not have
fully captured the aspects of acculturation that affect
pregnancy weight gain.
Conclusion
In summary, in this cohort of predominately Puerto Rican
women, women who were US born and those with in-
creasing generation in the US had higher mean gestational
weight gain and were more likely to exceed the IOM
guidelines for weight gain in pregnancy compared to
PR/DR born women. Psychological acculturation, as mea-
sured by PAS, along with spoken language preference for
speaking were not significantly associated with gesta-
tional weight gain. Future studies should confirm these
findings and continue to explore the complex nature of
acculturation while considering different modifiable risk
factors that may influence this process, such as diet and
physical activity. Given that Hispanic women are at in-
creased risk for developing obesity, creating culturally
appropriate interventions for Hispanic women during
pregnancy may aid in the prevention of this critical pub-
lic health problem.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
All the authors contributed to the various stages of this study. AT
contributed to the study design, performed all of the statistical analysis, and
drafted the manuscript. OB and RH participated in the design of the study
and revised manuscript. AM and LCT conceived of the initial idea of the
study, contributed to design of the study, revised the manuscript and
contributed especially to the intellectual content. All the authors read and
commented on the drafts and approved of the final version for submission.
Author details
1Department of Nutrition and Food Science, University of Rhode Island, 112
Ranger Hall, University of Rhode Island, Kingston, RI 02881, USA. 2Division of
Biostatistics & Epidemiology, School of Public Health & Health Sciences,
University of Massachusetts, 405 Arnold House, 715 North Pleasant Street,
Amherst, MA 01003-9304, USA. 3Department of Public Health and
Community Medicine, Tufts University, 136 Harrison Avenue, Boston, MA
02111, USA.
Received: 27 March 2012 Accepted: 12 November 2012
Published: 21 November 2012
References
1. Siega-Riz AM, Evenson KR, Dole N: Pregnancy-related weight gain–a link
to obesity? Nutr Rev 2004, 62(7 Pt 2):S105–S111.
2. Ohlin A, Rossner S: Maternal body weight development after pregnancy.
Int J Obes 1990, 14(2):159–173.
3. Olson CM, Strawderman MS: Modifiable behavioral factors in a bio
psychosocial model predict inadequate and excessive gestational weight
gain. J Am Diet Assoc 2003, 103(1):48–54.
4. Gunderson EP, Abrams B: Epidemiology of gestational weight gain and
body weight changes after pregnancy. Epidemiol Rev 2000, 22(2):261–274.
5. Oken E, Taveras EM, Kleinman KP, Rich-Edwards JW, Gillman MW:
Gestational weight gain and child adiposity at age 3 years. Am J Obstet
Gynecol 2007, 196(4):322 e321–328.
6. Moreira P, Padez C, Mourao-Carvalhal I, Rosado V: Maternal weight gain
during pregnancy and overweight in Portuguese children. Int J Obes
(Lond) 2007, 31(4):608–614.
Tovar et al. BMC Pregnancy and Childbirth 2012, 12:133 Page 8 of 10
http://www.biomedcentral.com/1471-2393/12/133
7. Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin LR, Flegal KM:
Prevalence of overweight and obesity among US children, adolescents,
and adults, 1999–2002. JAMA 2004, 291(23):2847–2850.
8. Schieve LA, Cogswell ME, Scanlon KS: Trends in pregnancy weight gain
within and outside ranges recommended by the Institute of Medicine in
a WIC population. Matern Child Health J 1998, 2(2):111–116.
9. Helms E, Coulson CC, Galvin SL: Trends in weight gain during pregnancy:
a population study across 16 years in North Carolina. Am J Obstet Gynecol
2006, 194(5):e32–e34.
10. Viswanathan M, Siega-Riz AM, Moos MK, Deierlein A, Mumford S, Knaack J,
Thieda P, Lux LJ, Lohr KN: Outcomes of maternal weight gain. Evid Rep
Technol Assess (Full Rep) 2008, 168:1–223.
11. Zambrana RE, Logie LA: Latino child health: need for inclusion in the US
national discourse. Am J Public Health 2000, 90(12):1827–1833.
12. Hinkle SN, Sharma AJ, Kim SY, Park S, Dalenius K, Brindley PL,
Grummer-Strawn LM: Prepregnancy Obesity Trends Among Low-Income
Women, United States, 1999–2008. Matern Child Health J 2011,
16(7):1339–1348.
13. Pan L, Freedman DS, Gillespie C, Park S, Sherry B: Incidences of obesity and
extreme obesity among US adults: findings from the 2009 Behavioral
Risk Factor Surveillance System. Popul Health Metr 2011, 9(1):56.
14. Chu SY, D'Angelo DV: Gestational weight gain among US women who
deliver twins, 2001–2006. Am J Obstet Gynecol 2009, 200(4):390 e391–396.
15. Taveras EM, Gillman MW, Kleinman K, Rich-Edwards JW, Rifas-Shiman SL:
Racial/ethnic differences in early-life risk factors for childhood obesity.
Pediatrics 2010, 125(4):686–695.
16. Kieffer EC, Tabaei BP, Carman WJ, Nolan GH, Guzman JR, Herman WH: The
influence of maternal weight and glucose tolerance on infant
birthweight in Latino mother-infant pairs. Am J Public Health 2006,
96(12):2201–2208.
17. Chasan-Taber L, Schmidt MD, Pekow P, Sternfeld B, Solomon CG,
Markenson G: Predictors of excessive and inadequate gestational weight
gain in Hispanic women. Obesity (Silver Spring) 2008, 16(7):1657–1666.
18. Sam DL, Berry JW: Acculturation: When Individuals and Groups of
Different Cultural Backgrounds Meet. Perspect Psychol Sci 2010,
5(4):472–481.
19. Kasirye OC, Walsh JA, Romano PS, Beckett LA, Garcia JA, Elvine-Kreis B,
Bethel JW, Schenker MB: Acculturation and its association with
health-risk behaviors in a rural Latina population. Ethn Dis 2005,
15(4):733–739.
20. Himelgreen David ABA, Perez-Escamilla R, Peng Y, Angela B: Birthplace,
length of time in the U.S., and language are associated with diet among
inner-city Puerto Rican women. Ecol Food Nutr 2005, 44(2):105–122.
21. Goel MS, McCarthy EP, Phillips RS, Wee CC: Obesity among US immigrant
subgroups by duration of residence. JAMA 2004, 292(23):2860–2867.
22. Akresh IR: Dietary assimilation and health among hispanic immigrants to
the United States. J Health Soc Behav 2007, 48(4):404–417.
23. Barcenas CH, Wilkinson AV, Strom SS, Cao Y, Saunders KC, Mahabir S,
Hernandez-Valero MA, Forman MR, Spitz MR, Bondy ML: Birthplace, years
of residence in the United States, and obesity among Mexican-American
adults. Obesity (Silver Spring) 2007, 15(4):1043–1052.
24. Koya DL, Egede LE: Association between length of residence and
cardiovascular disease risk factors among an ethnically diverse group of
United States immigrants. J Gen Intern Med 2007, 22(6):841–846.
25. Roshania R, Narayan KM, Oza-Frank R: Age at arrival and risk of obesity
among US immigrants. Obesity (Silver Spring) 2008,
16(12):2669–2675.
26. Sanchez-Vaznaugh EV, Kawachi I, Subramanian SV, Sanchez BN,
Acevedo-Garcia D: Differential effect of birthplace and length of
residence on body mass index (BMI) by education, gender and
race/ethnicity. Soc Sci Med 2008, 67(8):1300–1310.
27. Singh GK, Siahpush M, Hiatt RA, Timsina LR: Dramatic increases in obesity
and overweight prevalence and body mass index among ethnic-
immigrant and social class groups in the United States, 1976–2008.
J Community Health 2011, 36(1):94–110.
28. Berrigan D, Dodd K, Troiano RP, Reeve BB, Ballard-Barbash R: Physical
activity and acculturation among adult Hispanics in the United States.
Res Q Exerc Sport 2006, 77(2):147–157.
29. Abraido-Lanza AF, Chao MT, Florez KR: Do healthy behaviors decline with
greater acculturation? Implications for the Latino mortality paradox. Soc
Sci Med 2005, 61(6):1243–1255.
30. U.S. Census Bureau: "Census Bureau Projects Tripling of Hispanic and Asian
Populations in 50 Years; Non-Hispanic Whites May Drop to Half of Total
Population. 2004. News Release, March 18. (www.census.gov/Press-Release/
www/releases/archives/population/001720.html).
31. Committee ACOG: Opinion No. 435: postpartum screening for abnormal
glucose tolerance in women who had gestational diabetes mellitus.
Obstet Gynecol 2009, 113(6):1419–1421.
32. Institute of Medicine, National Research Council: Weight Gain During
Pregnancy: Reexamining the Guidelines. 2009. URL: http://www.iom.edu/
Reports/2009/Weight-Gain-During-Pregnancy-Reexamining-the-Guidelines.
aspx.
33. Chasan-Taber L, Fortner RT, Gollenberg A, Buonnaccorsi J, Dole N,
Markenson G: A prospective cohort study of modifiable risk factors for
gestational diabetes among Hispanic women: design and baseline
characteristics. J Womens Health (Larchmt) 2010, 19(1):117–124.
34. Retnakaran R, Qi Y, Sermer M, Connelly PW, Hanley AJ, Zinman B: An
abnormal screening glucose challenge test in pregnancy predicts
postpartum metabolic dysfunction, even when the antepartum oral
glucose tolerance test is normal. Clin Endocrinol (Oxf ) 2009,
71(2):208–214.
35. Siega-Riz AM, Adair LS, Hobel CJ: Institute of Medicine maternal weight
gain recommendations and pregnancy outcome in a predominantly
Hispanic population. Obstet Gynecol 1994, 84(4):565–573.
36. Tropp LR, Erkut S, Garcìa Coll C, Alarcòn O, Vàzquez Garcia HA:
Psychological acculturation: Development of a new measure for Puerto
Ricans on the U.S. mainland. Educ Psychol Meas 1999, 59:351–367.
37. Brawarsky P, Stotland NE, Jackson RA, Fuentes-Afflick E, Escobar GJ,
Rubashkin N, Haas JS: Pre-pregnancy and pregnancy-related factors and
the risk of excessive or inadequate gestational weight gain. Int J
Gynaecol Obstet 2005, 91(2):125–131.
38. Torres L, Driscoll MW, Voell M: Discrimination, acculturation, acculturative
stress, and Latino psychological distress: a moderated mediational
model. Cultur Divers Ethnic Minor Psychol 2012, 18(1):17–25.
39. Cohen S, Doyle WJ, Turner R, Alper CM, Skoner DP: Sociability and
susceptibility to the common cold. Psychol Sci 2003, 14(5):389–395.
40. Cohen S, Kamarck T, Mermelstein R: A global measure of perceived stress.
J Health Soc Behav 1983, 24(4):385–396.
41. Chasan-Taber L, Schmidt MD, Roberts DE, Hosmer D, Markenson G,
Freedson PS: Development and validation of a Pregnancy Physical
Activity Questionnaire. Med Sci Sports Exerc 2004,
36(10):1750–1760.
42. Fuentes-Afflick E, Hessol NA: Acculturation and Body Mass among Latina
Women. J Womens Health (Larchmt) 2008, 17(1):67–73.
43. Singh GK, Siahpush M: Ethnic-immigrant differentials in health behaviors,
morbidity, and cause-specific mortality in the United States: an analysis
of two national data bases. Hum Biol 2002, 74(1):83–109.
44. Gordon-Larsen P, Harris KM, Ward DS, Popkin BM: Acculturation and
overweight-related behaviors among Hispanic immigrants to the US: the
National Longitudinal Study of Adolescent Health. Soc Sci Med 2003,
57(11):2023–2034.
45. Walker LO, Hoke MM, Brown A: Risk factors for excessive or inadequate
gestational weight gain among Hispanic women in a U.S.-Mexico border
state. J Obstet Gynecol Neonatal Nurs 2009, 38(4):418–429.
46. Heilemann MV, Lee KA, Stinson J, Koshar JH, Goss G: Acculturation and
perinatal health outcomes among rural women of Mexican descent. Res
Nurs Health 2000, 23(2):118–125.
47. Hackley B, Fennie K, Applebaum J, Berry D, D'Eramo Melkus G: The effect of
language preference on prenatal weight gain and postpartum weight
retention in urban Hispanic women. Ethn Dis 2010, 20(2):162–168.
48. Raj S, Ganganna P, Bowering J: Dietary habits of Asian Indians in relation
to length of residence in the United States. J Am Diet Assoc 1999,
99(9):1106–1108.
49. Cantero PJ, Richardson JL, Baezconde-Garbanati L, Marks G: The association
between acculturation and health practices among middle-aged and
elderly Latinas. Ethn Dis 1999, 9(2):166–180.
50. Ham SA, Yore MM, Kruger J, Heath GW, Moeti R: Physical activity patterns
among Latinos in the United States: putting the pieces together. Prev
Chronic Dis 2007, 4(4):A92.
51. Slattery ML, Sweeney C, Edwards S, Herrick J, Murtaugh M, Baumgartner K,
Guiliano A, Byers T: Physical activity patterns and obesity in Hispanic and
non-Hispanic white women. Med Sci Sports Exerc 2006, 38(1):33–41.
Tovar et al. BMC Pregnancy and Childbirth 2012, 12:133 Page 9 of 10
http://www.biomedcentral.com/1471-2393/12/133
52. Wolin KY, Colditz G, Stoddard AM, Emmons KM, Sorensen G: Acculturation
and physical activity in a working class multiethnic population. Prev Med
2006, 42(4):266–272.
53. Lv N, Cason KL: Dietary pattern change and acculturation of Chinese
Americans in Pennsylvania. J Am Diet Assoc 2004, 104(5):771–778.
54. Yang EJ, Chung HK, Kim WY, Bianchi L, Song WO: Chronic diseases and
dietary changes in relation to Korean Americans' length of residence in
the United States. J Am Diet Assoc 2007, 107(6):942–950.
55. Stevens-Simon C, Roghmann KJ, McAnarney ER: Relationship of
self-reported prepregnant weight and weight gain during pregnancy to
maternal body habitus and age. J Am Diet Assoc 1992, 92(1):85–87.
56. Hediger ML, Scholl TO, Belsky DH, Ances IG, Salmon RW: Patterns of weight
gain in adolescent pregnancy: effects on birth weight and preterm
delivery. Obstet Gynecol 1989, 74(1):6–12.
57. Tovar A, Chasan-Taber L, Bermudez OI, Hyatt RR, Must A: Knowledge,
attitudes, and beliefs regarding weight gain during pregnancy among
Hispanic women. Matern Child Health J 2010, 14(6):938–949.
58. Yeh MC, Viladrich A, Bruning N, Roye C: Determinants of Latina obesity in
the United States: the role of selective acculturation. J Transcult Nurs
2009, 20(1):105–115.
doi:10.1186/1471-2393-12-133
Cite this article as: Tovar et al.: Acculturation and gestational weight
gain in a predominantly puerto rican population. BMC Pregnancy and
Childbirth 2012 12:133.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Tovar et al. BMC Pregnancy and Childbirth 2012, 12:133 Page 10 of 10
http://www.biomedcentral.com/1471-2393/12/133
